Field observations during summer 2014 in Newport, OR, USA indicate the importance of intertidal sandbar welding for shoreline recovery and growth. Over a two month period of low energy wave conditions subtidal and intertidal sandbars migrated onshore by approximately 1 m/day. There was 19 m 3 /m of sediment added to the system above mean low water and the shoreline prograded by an average of 17 m along the 2.2 km stretch of coast during the experiment.
Introduction
While coastal erosion typically occurs episodically during storm events, beaches recover during extended periods of mild conditions. These phases of beach recovery are critical for limiting coastal vulnerability, although the mechanisms of onshore sediment transport are relatively poorly understood-hindering our ability to forecast coastal evolution on societally-relevant time scales. Intertidal sandbar welding to the shoreline is one proposed mechanism of sediment delivery from the nearshore to the backshore (e.g., Houser 2009). However, morphodynamic studies of intertidal sandbar welding and their contribution to beach building are relatively scarce because of the stochastic nature of bar welding events and the difficulty of measuring sediment fluxes in the intertidal zone.
Many beaches in the U.S. Pacific Northwest (PNW) are rapidly prograding in part due to an abundant sediment supply and highly dissipative conditions. For example, the shoreline prograded at an average rate of about 2 m/yr from 1967 to 2002 at South Beach State Park (SBSP) in Newport, OR ( Fig. 1 ; Ruggiero et al. 2013) . The nearshore at SBSP can also be characterized as having a dynamic, multiple sandbar system which is hypothesized to play an important role in delivering sediment from the nearshore to the subaerial beach. To explore the role of intertidal bar welding on supplying sediment to the backshore, a field experiment was recently completed at SBSP consisting of detailed hydrodynamic, aeolian, and morphological change measurements. Using data from this study we investigate the contribution of sandbar welding to the local sediment budget.
Methods
A summer 2014 field study was carried out at South Beach State Park (henceforth SBSP14) to document the response of the full coastal planform (~-15m to ~+10m) resulting from onshore sandbar migration and welding of sandbars to the shoreline. Cross-shore topographic beach profile surveys were collected with backpack-based RTK GPS along 22 transects over a 2.2 km stretch of coast (Fig. 1) . The transects extended from mean lower low water (MLLW) to the dune and were collected bi-weekly or more frequently throughout the summer. During the 18 Aug-29 Aug fortnight, daily topographic surveys were collected to quantify short term variability in beach morphology. Nearshore bathymetry was collected 5 times during the summer at approximately 2 week intervals using the Coastal Profiling System (Ruggiero et al. 2005) . Depth soundings were collected from the shoreline to the limit of observed morphological change along 13 cross shore transects.
A number of instruments were deployed during SBSP14 to document the local environmental conditions. A mooring located in 11 m water depth measured waves, currents, suspended sediment concentrations, and the vertical density structure of the water column from mid-July to mid-September (Fig. 1) . A colocated X-band marine radar (Holman and Haller 2013) and meteorological station (NDBC NWPO3) provide information regarding spatially complex wave transformations and the forces driving aeolian sediment transport, respectively. 
Observations

Environmental Conditions
During SBSP14 the average significant wave height was 1.2 m with an average peak wave period of 9.9 s as measured by the 1 MHz Nortek Acoustic Wave and Current Profiler (AWAC) located at the SBSP mooring (Fig. 2) . These observations are consistent with typical summer wave conditions for the region. The in-situ AWAC measurements from mid-July to mid-September compared well with wave measurements from NDBC buoy 46050 located 40 km west of Newport, OR. However, the waves measured at the mooring are much more shore normal due to refraction (Figs. 2 and 3) . At the South Beach mooring the average recorded wave direction was 276°, which is essentially shore normal at the field site with a slight northerly component, compared to an average incoming wave angle of 299° at NDBC 46050 during the experiment.
The average wind speed during the experiment was 4.9 m/s as recorded by the nearby NDBC NWPO3 station. The wind direction was almost exclusively from the north during this time period as measured both at NWPO3 and at NDBC 46094 located 18 km from shore (Fig. 3) . 
Morphology
Morphology data was collected at semi-regular intervals throughout summer 2014, with a minimum frequency of every two weeks and a select period where morphology was collected at low tide every day for a fortnight. Figure 5 documents 50 to 100 m of onshore migration of a subtidal sandbar between July and September at locations including transects 11, 15, and 21. At the northern end of the field site (north of transect 11) there is not a well-defined subtidal sandbar, likely associated with wave sheltering by the jetty. Figure 4 shows a Simulating WAves Nearshore (SWAN) model (Booij et al. 1999 ) prediction of significant wave height at South Beach for a 1.2 m, northwesterly (320°) wavea common summer wave condition. These oblique waves cause a large shadow zone in the lee side of the jetty, generating large alongshore gradients in wave energy. However, even close to the jetty, where sheltering effects are the largest, there is evidence of net onshore transport during the study from the surf zone in water depths shallower than 3 m to the intertidal (Line 5 in Fig. 5 ). There was an intertidal bar present along the South Beach coastline, which was bisected irregularly by rip channels. At the beginning of the summer the intertidal sandbar was present at the lower limit of the swash zone. These features subsequently migrated landward, eventually welding to the backshoreeliminating their morphologic signature. At the northern end of the study site, where sheltering by the jetty reduces the local wave energy, there were two intertidal bars present, both with bar heights (trough to crest) of about 0.75 m, which moved at an average rate of about 0.6 m/day (Line 2 in Fig. 5 ). In the southern portion of the study site only one intertidal sandbar was typically present with a height of 0.5 m to 1 m. The features migrated landward at variable rates of 0.5 to 1.5 m/day, rates consistent with slip-face intertidal swash bars observed at other field sites (Masselink et al. 2006 ).
Coincident with sandbar welding, the upper intertidal zone aggraded upwards and prograded seaward (Fig. 5) . Over much of the study site this trend resulted in the formation of a well-defined berm, leading to an overall steepening of the coastal profile as sediment preferentially eroded from the surf zone and lower swash zone and accumulated in the backshore.
Morphology data was collected along cross shore transects at variable horizontal spacing of 50 to 200 m. Given the alongshore coherence of the morphology, the spatial resolution of the data permits the interpolation of the landscape data into digital elevation models (DEMs) that encompass the entire study site. As can be seen in Figure 6 , sediment was universally eroded from the surf zone and accumulated in the intertidal zone and the backshore from July 28 to September 11. Using mean high water (MHW) as a shoreline proxy, this led to a net average seaward progradation of the shoreline by 17 m during the experiment.
Clear linear striations of erosion and deposition indicate the migration of sandbar morphology in the difference plot in Figure 6 , consistent with the previously described trends in cross shore behavior. Because of the lack of waves from the south during the experiment (Fig. 3) , the observed changes are presumably dominated by cross-shore processes rather than by the addition of sediment via longshore transport from the south. 
Discussion and Conclusions
Consistent trends of onshore sediment transport were observed at South Beach State Park throughout summer 2014. The volume of sediment in the backshore increased nearly linearly throughout the summer coincident with the onshore migration of both subtidal and intertidal bars (Fig. 7) . As shown in Figure 7 , a nearly equal amount of sediment was added to the intertidal zone (0 m to 2 m) and upper swash zone/backshore (2 m to 4 m) between July 28 and September 11, amounting to an alongshore average increase of 19 m 3 /m. No significant changes were observed at or above the dune toe which is unsurprising given the lack of cross-shore oriented winds during SBSP14.
These trends occurred throughout the experiment despite temporal variability in both tides and waves signifying that progradational conditions occurred under a fairly wide range of environmental conditions. This indicates that these type of morphologic and hydrodynamic data can and will be critical to further understanding onshore sediment transport dynamics that allow for beaches to recover and grow.
The data also reveals that the volume of sediment eroded from the surf zone was not equal to the total observed volume of sediment accreted in the intertidal zone and backshore during the experiment. Therefore there were likely substantial fluxes of sediment out of the survey region to the south by either aeolian and/or hydrodynamic transport. This demonstrates the complexity of isolating solely cross-shore vs. alongshore fluxes in complex field settings. Lastly, although an intertidal sandbar was consistently observed throughout the study site, it is unclear whether this bar was a second subtidal sandbar that migrated across the surf zone prior to the start of the experiment or if it was generated locally at or just below the limit of the swash. Understanding both sandbar generation mechanisms and the migration of those features is critical for being able to predict seasonal scale morphodynamics on wave dominated coastlines.
